Background: The legal framework and funding mechanisms of the national health research system were recently reformed in Mexico. A study of the resource allocation for health research is still missing. We identified the health research areas funded by the National Council on Science and Technology (CONACYT) and examined whether research funding has been aligned to national health problems.
Introduction
During the 20 th century, the health conditions of the world population improved at an accelerated pace. Medical advances mostly originated in developed countries have spread worldwide. The use of antibiotics, vaccines, new drugs, and family planning has benefited the population of low-and middle-income countries. This fact is clearly reflected in the average life expectancy which in some of these countries approaches today the figures already achieved in developed countries. Despite these great advancements, there are still considerable health disparities between and within countries [1] . Moreover, regions like Latin America are now facing an epidemiological transition characterized by new health challenges parallel to the declining, but still active old problems. Long-term local and regional strategies are required to promote an effective performance of national health systems.
It is generally accepted that the efficiency of a national health system is based on its capability to generate and use high-quality scientific knowledge, as much as on the adequate financing and governance. Health research is not only important to a better understanding of diseases, but also is crucial for the evaluation of interventions and generation of new diagnostics, prophylactic tools, and treatments. In the past few years, Latin American countries have focused on the development of a National Health Research System [2, 3] . In the case of Mexico, the health system was reformed in 2003 to provide universal health-care by introducing a series of financial innovations and a redefinition of the stewardship of the Ministry of Health [4, 5] . This reform is having a positive impact on the health service access, as well as on reducing catastrophic health expenditures by individuals, thus reducing social inequality [4, 6, 7] . A key aspect of this and other reforms that have shaped the Mexican health system since the late 1970s, is that health policy is based on reliable indicators derived from large-scale national surveys linked to organizational and econometric analyses [5, 8] . This evidence-based health interven-tion has been possible in part by a concomitant growing and strengthening of research institutions in Mexico.
The health research sector was among the first scientific sectors in Mexico operating under institutional framework with modern scientific practices [9, 10] . Research groups originated during the 1940's were placed in high specialty hospitals. New groups, mainly dedicated to biomedical research, began to operate within universities and other public research centers [9] . Although the Mexican scientific production on health research has steadily increased over the years, the new research topics are not always linked to the health needs of the country [11, 12, 13] . To some extent, this is the result of a lack in the definition of the research agenda by health authorities leaving researchers to the pursuit of individual goals. The identification of large, ambitious projects oriented to health needs has been hampered by the lack of a financial structure ensuring medium and long-term funding. On the other hand, collaboration between researchers and decision makers on these projects has faced a tradition of individualistic work [14] . Previous analyses have suggested that most of research activity is not related to government health policies or to pharmaceutical industry needs [12, 15] .
Under the current organization in Mexico, the Ministry of Health has the stewardship to directly orient and regulate the research activity of its own service providers, which include 13 National Institutes of Health and many other public hospitals. In addition, the Law for Science and Technology approved in 2002, dictated the creation of trust funds, formed by equal contributions from the National Council on Science and Technology (CON-ACYT) and other public entities. The Sectoral Fund for Research in Health and Social Security (FOSISS), established between CONACYT and the Ministry of Health, the Mexican Institute of Social Security (IMSS) and the Institute for Social Security and Services for State Workers (ISSSTE), was created to assist the national health priorities and to foster technological development. Additional investments in health-related projects, especially on biomedical disciplines, can also come from the partnership between CONACYT and the Ministry of Education, represented by the Sectoral Fund for Basic Research (FOSIB); as well as, from the partnership between the Governments of each of the 32 State and CONACYT, represented by the Mixed Funds (FOMIX). Despite the importance of a continuous surveillance on the allocation of public resources to steer the system towards socially agreed goals, a comprehensive analysis of health research resources is still missing.
Here we report for the first time a detailed estimate of how the public funding has been allocated to health research and its alignment with the needs of the Mexican health system. We determined the areas of health research that have been supported through the analysis of individual projects that were funded between 2003 and 2010. Our results showed that the research budget has supported a large number of small and diverse projects, indicating an unclear priority definition. Moreover, there was a weak correlation between the subjects favored by funding and the measures of disease burden. Our study is comparable to parallel efforts to track the flow of financial resources invested on health research reported for other countries [16, 17, 18, 19, 20] .
Methods
To examine the flow of public resources towards health research, we constructed a database including all projects financed by CONACYT through specific funding programs. CONACYT is the federal council in charge of defining and implementing the general policies for the functioning of the national system of science technology and innovation in Mexico. Since 2002, the allocation of the resources for research projects is made through the creation of trust funds in coordination with ministries, state governments or other entities of the public administration. The declared purpose of these funds is to support research projects tackling defined priorities in each sector or region of the country. By the end of 2011, CONACYT had integrated 55funds with national public entities and one fund for international cooperation. Information collected for this study included the fund with the Ministry of Health (FOSISS), the fund with the Ministry of Education (FOSIB) and the 34 funds with state and municipal governments (FOMIX). Most of the health-related research projects were included in these funds. Altogether, these funds involved 81% of the research grants funded in the period 2003-2010. An important aspect was the availability of annual information for each fund during the period of study.
The CONACYT Funds are managed by a technical and administrative committee composed of representatives from CONACYT, the corresponding public entity of each fund, and a number of specialists from the academic or private sectors. This committee is supposed to identify the needs and problems within a sector before establishing the goals and requirements for the submission of research proposals. An evaluation team aids the committee to select the proposals that are aligned with the sector demands. This process for application and evaluation of proposals is basically the same for FOSSIS, FOSIB and FOMIX. FOSSIS has also included a pre-selection stage based on evaluation of pertinence of the proposals through the revision of an executive summary. Fundable items include current expenses (purchases of materials, travel and accommodation expenses, student and postdoctoral fellowships and other professional fees) and capital expenses (purchases of equipment, computers and software, expenses for building or remodeling experimental facilities, etc.). Between 2003 and 2011, the financial contribution of CONACYT to the funds was about 57% for FOSIB and FOSISS and an average of 56% for FOMIX.
Data were captured on an Excel spreadsheet containing the following columns: project identification number, year, project title, principal investigator, institution, state, and total amount approved. All projects included in FOSISS were considered for the analysis. Because FOMIX and FOSIB support projects in all areas of knowledge, the next step was the identification of health research projects. Our inclusion criterion for a health-related project was the identification of a sector of activity or application for health [17] . Hence, selected projects involved medical and natural sciences, as well as research on health determinants, health economy, sociological studies and development of new applications for improving the health of groups and individuals. It is worth mentioning that some projects involved areas of knowledge such as humanities and engineering.
The matrix for health research projects followed the 27 categories employed in a recent analysis of the financial flows for health research in 5 Latin American countries [18, 19] . Each project was classified according to its title into one of three possible research methodologies: biomedical, clinical or public health research and then crossed with nine thematic objectives [19] . Thematic objectives were grouped in three main groups: health determinants (1. social, economic and cultural factors), health conditions (2. communicable diseases and maternal and perinatal conditions; 3. noncommunicable diseases and addictions; 4. nutrition and the environment; 5. violence and accidents), and health actions or interventions (6. health policy, systems and services, 7. technological research and development, 8. basic research, and 9. traditional medicine). If a research project included more than one thematic objective, the total funds were divided equally among the objectives covered by the project [18] . In order to avoid misclassifications of projects, we also consulted the laboratory website of the principal investigator and his published work. Within FOMIX, we identified 49 projects that were considered by CONACYT as health-related. However, we were unable to classify them within either a research methodology or an objective category. These projects were directed to infrastructure investment, support of graduate programs, publication fees, and meetings organization. In our analysis we did not evaluate the pertinence of the results with the original proposal based on a follow up of the final report, as this information was not available. Other figures related with public global resources directed to health and R&D, including CONACYT, were based on budget reports from the Ministry of Finance [21] .
We also analyzed the correlation of health research fund allocations with parameters of the burden of disease in Mexico as described previously [16, 22] . For this purpose, we searched the names of specific diseases or medical terms associated with certain diseases within project titles. Diseases were classified using the International Classification of Diseases, 10 th revision (ICD-10 code) [23] . In case of projects involving several diseases, funding was only weighted when the diseases corresponded to different groups of de ICD-10 code. Estimates of mortality and disabilityadjusted life-years lost (DALY) were obtained from the 2004 update of the Global Burden of Disease project of the World Health Organization [24] . Correlation coefficients were determined with the non-parametric Spearmans's rho test. The predicted values of CONACYT funding were obtained by simple linear regression for log-transformed data, with funding as the dependent variable and a measure of disease as the independent variable. The predicted values were compared with the actual funding, to assess which diseases were overfunded or underfunded. Regression models were performed with the Stata 12 software (College Station, Texas, USA).
For comparative purposes, the original cash amounts in current Mexican pesos were converted to US dollars, adjusted for purchasing power parity (US$ PPP). To carry out this conversion, we used the PPP conversion factor (GDP) to market exchange rate ratio, from the World Development Indicators of the World Bank. Cash amounts used in this report correspond to the total amounts approved per fund, per year. The analysis was based on awarded funds for research grants. CONACYT resources devoted to cover fellowships (salary incentives) for the National System of Researchers, as well as funding for the Postgraduate Studies Scholarships Program were not included in this analysis.
Results
The context in which CONACYT funds operated during the period 2003-2010, within the federal budget for health and for research and development, is presented in Table 1 . Total federal budget on health increased from $ 20.4 billion in 2003 to $ 39 billion in 2010 at a compound annual growth rate of 8.4%. The spending for health included some resources for research and development that accounted for $ 2.4 billion in the seven-year period. These resources also increased at a compound annual rate of 3.1%. Similarly, the total federal resources directed to support research and development (R&D) increased at a growth rate of 3.3%. In contrast, the share R&D within health decreased about 40% compared to the total federal budget and 49% compared to the budget for health and social security.
Considering CONACYT funds FOSSIS, FOSIB and FOMIX, 31.1% out of 10,603 projects in the database of the period under study were health-related ( (Fig. 1) . Although FOMIX showed a growing tendency until 2008, it declined by 2010, returning to the funding level of 2006. Considering the three funds, the health research expenditure increased by 31.6% at a compound annual growth rate of 3.5% from 2003 to 2010. In this period, the average investment was of $ 5,771 per 10,000 inhabitants and the average coverage was of 3.79 projects per million inhabitants.
Taking into account the methodological approaches of projects, FOSIB resources were primarily assigned to biomedical research (87.5%), although clinical (10.1%) and public health research (2.4%) were also supported ( Fig. 2A) . In contrast, FOSISS allocated half of its resources into clinical research and the other half was divided between biomedical and public health research. In FOMIX, the funding was distributed to approximately one third for each of the methodological areas considered. Overall, the biomedical area was the largest recipient of health research funding, accounting for $299 million in the analyzed period ( By research objective (Fig. 3a) , the largest portion of projects in FOSIB corresponded to basic science (50%) followed by noncommunicable diseases (14%) and communicable diseases (13%). In the case of FOSISS, a considerable support was provided to projects addressing noncommunicable diseases (38%), whereas communicable diseases and R&D issues accounted for 22% and 12%, respectively. Finally, in FOMIX the supported projects were related to nutrition and environment (23%), communicable diseases (19%), and noncommunicable diseases (18%). According to the annua1 evolution of the total funding allocated per research objective, basic research was the highest supported category, however, the thematic categories with the most dynamic behavior over the period were the noncommunicable diseases, communicable diseases and research and development (Fig. 3b) . The last three categories accounted for 24%, 18% and 12% of the total funding for health research from 2003 to 2010 (Table 3) . Nevertheless, basic science accounted for 29% of the total expenditures. In contrast, the thematic categories that showed a funding decline were the study of the social, economic and cultural determinants of health (236%) and the research dealing with health policies, systems and services (237%) (Fig. 3b) . Finally, the category that received the lowest amount of funding over the period was the research on violence and accidents accounting for 1.2% of the total funding.
Creation of CONACYT funds was supported by the concept of orienting the funding towards public needs. In the understanding that there is no a unique manner to establish research priorities, we examined whether the research projects supported by the CONACYT funds were aligned with measures of disease burden [25] . The analysis revealed that 2,190 (66%) out of 3,294 health projects were related to a specific disease. We also found that CONACYT funding was more closely associated with measures of mortality (r = 0.51, P,0.001) than with DALYs (r = 0.33, P = 0.004). Ten disease categories accounted for 53% of the resources allocated to specific diseases, but only diabetes mellitus (DALY rank = 3; Death rank = 2) and lower respiratory infections (Death rank = 9) were among the leading causes of disease burden in Mexico (Table S1 ). Through regression analysis of all points we defined the level between actual and desirable funding for each disease (Fig. 4) . A negative value of the residual indicated that a disease was underfunded and vice versa, a positive value indicated that the disease was overfunded (Table 4 ). Five categories appeared underfunded when DALYs was used as predictor variable: congenital anomalies, road traffic accidents, alcohol use disorders, migraine and dental caries. On the other side, the five categories receiving more funding than recommendable were poisoning, diabetes mellitus, lower respiratory infections, infectious and parasitic diseases, and endocrine disorders. According to death measures, the five most overfunded categories remained the same, but the five most underfunded categories also included cerebrovascular disease, chronic obstructive pulmonary disease, and cirrhosis of the liver.
Discussion
The scientific systems of developing countries are commonly characterized by deficiencies in the alignment among the relevant actors and by a poor correlation between research activity and local needs. This circumstance often leads to an inefficient use of the limited public resources available for research and development. In this context, our analysis contributed to identify the funding trends in health research through the main source of public financing in Mexico. Although CONACYT funds have improved the support of science in Mexico, there are several aspects of their operation that need a reorientation to maximize the efficiency and social impact of the research investment. The fact that the Ministry of Health is only involved in one of the funds implies that over 60% of the resources for health research were allocated without an explicit link to the priorities defined by the federal head of the sector. As a consequence, the health research activity appears weakly associated with the health needs of the country. The lack of clear sectoral goals promotes the dispersion of the financial effort into a great variety of topics that are poorly associated to the burden of disease in Mexico.
As a result of the health reform, the budget for health increased steadily since 2003. Noteworthy, while the total budget for health almost doubled from 2003 to 2010, the resources for health R&D just increased 30% in the same period. Therefore, the share of health R&D as a percent of the total health budget decreased over the period. The average investment in health R&D during the analyzed period represented only 1% of the health budget, which corresponded to half of the World Health Organization recommendation [26] . Another sign of alert is the fact that the resources allocated for health policies, systems and services decreased over the period. It is worth mentioning that evidence-based decision making was one of the pillars supporting the construction of the current Mexican health system [5, 27] . Hence, it is advisable to preserve this input of information in order to make possible future adjustments of the health system, under a rational planning of interventions.
Since 2002, the legal framework strengthened the coordination between the actors and institutions of the Mexican health research system. The governance and management structure shares some characteristics with systems operating in other Latin American countries [2] . However, unlike several of the countries in the region, Mexico does not have a Ministry of Science and Technology. Therefore, the Ministry of Health, the Ministry of Education, and the State Governments negotiate separately their joint agendas with CONACYT. This structure can be considered a significant achievement in the establishment of mechanisms to coordinate the direction of the research activity within different sectors and regions. However, in the practice, some limitations can be identified. For example, FOSSIS can be considered a specialized fund, devoted to support clinical, biomedical and public health research; FOMIX also allocated resources based on an explicit list of predefined research priorities, whereas FOSIB awarded research grants based on a list of areas of knowledge. A major shortcoming of this organization has been the lack of consistency in the priorities or demands defined by each fund, as well as the absence of an explicit mechanism to avoid the duplication of efforts, or the concentration of resources in certain research topics or research groups that might not represent a priority area. Resources in FOSIB are allocated under more flexible premises than FOSSIS and FOMIX, because this fund was conceived to primarily support basic science. This is relevant, since FOSIB accounted for half of the financial resources on health research. As our analysis revealed, the diversity of research topics supported by this fund promoted that a substantial part of the scientific activity was not oriented to local or national problems [28] .
Operation of CONACYT's sectoral funds places Mexico within a limited group of Latin American countries, with the legal and financial instruments to focus the support on health research towards pertinent health problems [2, 17, 18] . As our figures on the federal budget for Health R&D only represent a partial amount of the total public investment on health R&D, we can only make a comparison of the growing trends of the recent data reported for Brazilian health R&D sector [17, 29] . Considering data of Brazil from 2000 to 2005, the federal budget for health R&D increased 52%, at annual compound growth rate of 7.28%. In the same period, Mexican federal budget for health R&D, as estimated in this work, increased 143% at an annual rate of 15.9% in the same period. However, during the period 2005 to 2010 the growth rate decreased, evidencing the lack of continuity on research policies. It is important to bear on mind that the aggregate figures considered in this work correspond to the federal budget predominantly managed by public federal health institutions. Thus, to get a more comprehensive view about the flow of financial resources, it is necessary to assess in future studies, the participation of state governments, universities, as well as the private sector and international funding. Despite this limitation, our analyses allowed to make some inferences about the final destiny of the resources. Recently, it was reported that salaries accounted for the majority of the expenses on research within the National Institutes of Health in Mexico (range: 48% to 84%; average: 70%), which are the main recipients of federal budget for health R&D [25] . Interestingly, the percentage that represents the amount of health research grants of the three CONACYT funds in relation to the federal budget for health R&D has decreased from 2004 to 2010 (data not shown). Thus, it is possible that salaries and administrative costs are now taking a bigger part of the resources previously directed to research activities. In fact, this could be a general trend in the country, as the number of researchers registered in the National Researchers System is growing rapidly (7, 982 researchers in 2002 to 17,568 researchers in 2011). Thus, the rate of incorporation of new researchers is growing faster than the available resources to fund research grants. If available funds for grants do not parallel the growth in the number of researchers, the development of new generations of health researchers is at stake [30] .
The values and interests of the diverse groups composing modern societies often lead to tensions regarding the decision making about public issues. The research priority-setting process is not exempt of this complexity. However, in developed countries the mechanisms of priority setting and evaluation of research impact are regularly updated [16, 31, 32, 33] . In contrast, the national research systems in low and middle income countries rarely have explicit mechanisms for priority setting. Additionally, small scientific communities have refused to operate under such mechanisms arguing a transgression of the autonomy and independence of the scientific enterprise. The increasing relevance of research for economic development and the need to tackle global health problems have stimulated several initiatives to establish transparent and replicable priority setting exercises [34, 35, 36, 37] . The efforts have been directed to encourage the prioritization of research at country level to assure that research investments have a local impact. An increasing number of Latin American countries such as Brazil, Argentina, Peru and Cuba are implementing existing methodologies or generating new ones [38, 39] . In the case of Mexico, the creation of the CONACYT funds has led to an incipient environment of research priority setting. Considering the information available for FOSSIS, this fund represents a step forward to research planning, but the process requires some adjustments to accomplish the recently proposed criteria for health research prioritization (legitimacy, stakeholder involvement, revision and appealing, and leadership) [38, 40] . It is not clear how the general topics and subtopics are chosen to be included in the list of suitable projects to be supported. In the analyzed period, the call of proposals includes 20 topics that are divided in 139 subtopics. Thus, the prioritization exercise needs to be strengthened by assuring the participation not only of scientists but also of other groups in the society. Based on this analysis of the CONACYT funds, it can be concluded that the research portfolio in Mexico did not match the epidemiological transition of the country during the last decades. Health research is heavily oriented to infectious and parasitic diseases and environmental pollution effects, which are not the conditions of major impact according to the burden of disease measures. In contrast, the number of projects related to neuropsychiatric conditions, sense organ diseases, cardiovascular diseases, respiratory diseases, digestive diseases and injuries are underrepresented. This panorama suggests that besides better priority-setting practices it is also required to reform educational programs to focus research training on new health needs. Despite these weaknesses in priority-setting, the experience in the use of CONACYT funds indicates that research planning had a positive effect on the research profile. Fortunately, funding has started to be allocated on health problems in comparison to previous years [12] . Furthermore, the number of proposals of clinic research has increased as well as the proposals related with vaccine development, diagnostic methods and medical equipment.
Besides the identification of health research areas that require promotion, the intention of this work was to serve as an exercise of public accountability of one of the largest scientific communities in Mexico. The Mexican health research system has a long tradition that is reflected by solid research institutions and a growing community of human resources. The health research sector in Mexico has reached a size that requires continual evaluation. In this initial approximation, we found that funding allocation has a weaker association with burden of disease parameters than in other countries where similar analyses have been performed [16, 22, 31, 32] . To understand the cause of this problem, more comprehensive evaluations about the social impact of each health research area are required. Additionally, it will be necessary to open a debate about the convenience of using public funds to foster such a diverse research portfolio. As described here, the current panorama shows that health research budget is divided in small grants supporting a great diversity of topics which makes questionable the impact of these investments on the health problems, even in the long-term. This is an extremely important issue because science and technology have low levels of social and political recognition in low and middle income countries. Health sector offers a unique opportunity to change this vision. In Latin America, Mexico is the largest pharmaceutical market and is one of the OECD countries where drug expenditures reach the greatest share of all heath care public investment in the last decade [41, 42] . Development of a local pharmaceutical industry interacting efficiently with the health research system might be an alternative to reduce the cost of health care in the next years. The compass of pertinence for health research could be a way to aid improving health conditions of the population. In this respect, it is urgent to establish a clear and long lasting national research agenda. Supporting Information 
